The interaction of Nd(III) with Guanosine and Guanosine triphosphate (GTP) in presence and absence of Ca(II) has been studied through 4f-4f transition spectra in different organic solvents. Mode of binding of Nd(III) with nucleoside (guanosine) and nucleotide (guanosine triphosphate, GTP) is interpreted considering the variations in evaluated values of intensity parameters like oscillator strength (P) and Judd Ofelt electric dipole intensity parameters (Tλ, λ=2, 4, 6) . It is further studied through kinetics, subsequently Ea, rate constant (k) and thermodynamic parameters viz, ΔH°, ΔG°, ΔS° etc., has been evaluated from which detailed thermodynamical information of complex can be explored.
Introduction
Lanthanide complexes have received attention due to a wide field of application [1] [2] [3] [4] . Considerable efforts have been made in studying metal complexes with antibacterial and antitumor activities and interactions between biological macromolecules [5, 6] . Some lanthanide complexes are biological probes for medical diagnosis and drug development [7] . Many probes for DNA analysis have been proposed [8, 9] . Recently it has been shown that some lanthanide complexes might have a potential role in the treatment of tumor cell lines [10] . They provide tremendous inspiration to many efforts in designing and synthesizing of potential anticancer and antibacterial agents because of their special electronic configuration [11] [12] [13] [14] [15] [16] . Again, lanthanide co-ordination chemistry in solution state has become a new age with increasing use of lanthanides as PROBES in exploring the structural function of biomolecular reactions. It is mainly due to their isomorphous character and ability to replace Ca(II) ions in specific manner [17] [18] [19] [20] [21] .
In the present work, we selected a nucleoside viz., guanosine and a nucleotide viz., guanosine triphosphate (GTP) for the complexation with Nd(III) in presence and absence of Ca(II) which biologically plays one of the most important role in human metabolism but being diamagnetic in nature, it is spectroscopically inert. Lanthanides, because of its paramagnetic character can be used as spectral probes for exploring the biological roles of Ca (II) through its isomorphous substitution [22] [23] [24] .
4f-4f transition spectral analysis have been employed, evaluating the oscillator strength and Judd-Ofelt electronic dipole intensity parameters, Tλ (λ=2, 4, 6) for the complexation of Nd(III) with guanosine and GTP in presence and absence of Ca(II) in different aquated organic solvents. Analysis of such parameters interprets the mode of binding and nature of the complexes between guanosine/GTP with Nd (III). The formation of Nd (III): guanosine: Ca (III) and Nd (III): GTP: Ca(III) complexes is further studied through kinetic approach at different temperatures in DMF medium; where activation energy and thermodynamic parameters of complexes like ΔH°, ΔG° and ΔS° have been calculated.
Experimental Methods
Nd(III) nitrate hexahydrate of 99.9% purity purchased for M/s. Rear Earth Ltd. India, guanosine and GTP purchased from SISCO Pvt. Ltd. Mumbai were used. The solvents used are CH3OH, CH3CN, DMF and dioxane of AR grade from qualigens. The solutions of Nd(III), guanosine, guanosine tri phosphate, Ca(II) salts were prepared in different solvents with the concentration 10 -2 M. For the present study Nd(III): ligand was kept at 1:1 molar ratio and the multimetal complexation like Nd(III):ligand:Ca(II) was also kept at 1:1:1 molar ratio. The absorption spectra were recorded on a Perkin-Elmer Lamda 35 UV-Visible spectrophotometer with high resolution and expansion of scale in a water jacketed cell holder in the region 400-1000 nm. The temperature for recording of all spectra was maintained at 298 K using water-circulating thermostat model DS-G-HAAKE.
Theoretical
The Nephelauxetic effect [25] [26] [27] , a measure of covalency has been interpreted in terms of Slater Codon and Racah parameters with the measurement of free ion and complex ion [28, 29] .
where Fk (k=2, 4, 6) is the Slater-Condon parameter and E k is the Racah parameters for complex and free ions respectively. The bonding parameter (b 1/2 ) is inter-related to Nephelauxetic effect as,
The percent covalency parameter (δ) representing the Nephelauxetic effect was given by the relation 100 β
In the electronic transition of 4f-4f, the energy, Eso arises from the most important magnetic interactions, while the spin orbit interactions may be written as where Aso is the angular part of spin-orbit interaction and ξ4f is the radial integral and is known as Lande's parameter. By first order approximation the energy Ej of the j th level is given by Wong [30] as
where Eoj is the zero order energy of the j th level. The value of Fk and 4f ξ are given by
The difference between the observed Ej and the zero order values, ∆ Ej is evaluated by
Using the zero order energy and partial derivatives of Nd(III) ion given by Wong, the above equation can be solved by least square technique and the value of ∆F2 and ∆ 4f ξ can be found out. From these the value of F2 and 4f ξ are evaluated using relation Eq.(6).
The calculation of the band intensities is based upon the theoretical treatment derived by Judd and Ofelt [31] . They considered the transitions are essentially electric dipole in character and the oscillator strength corresponding to the induced electric dipole transition ψ J → Z ψ′J′ as given by:
where U (λ) is the unit tensor operator of the rank which connect the initial <f n ψ J| and the final |f n ψ′J′> state through three phenomenological parameters Tλ (λ=2, 4, 6) called Judd-Ofelt parameters. These parameters are related predominantly to the radial part of the 4f n wave function. The wave functions of perturbing configuration of which the nearest is 4f n-1 5d. The measured intensity of an absorption band is related to the probability (P) for the absorption of radiant energy (oscillator strength) by the expression:
where ɛmax is the molar extinction coefficient and ν is the energy of the band in cm -
1
. The calculated oscillator strength can be expressed in terms of Tλ parameters as
The transition energies and the intra configurational U (λ) matrix elements are used for the intensity analysis.
The activation energy for the complexation of Nd(III): (nucleoside/ nucleotide) with Ca(II) in DMF is calculated from the plot of log k ( k= rate constant) against 1/T using Arrhenius rate equation [32, 33] .
where A is the pre-exponential factor or frequency factor. From the slope, the activation energy (Ea) is calculated as Ea = Slope x 2.303 x R (12) where R is the universal gas constant. The thermodynamic parameters for the complexation of Nd(III): (nucleoside/ nucleotide) and Ca(II) ion is calculated using Van't Hoff plot [34] 
Results and Discussion
Lanthanides exhibit sharp spectral lines which arise from transitions among levels of ƒ n -configuration. The (2J + 1) fold degeneracy term of such configurations are reduced to some extent as a result of the crystal field effect. However, energy levels of rare earth ions in solid state are determined largely by spin-orbit interaction, which has a larger magnitude than that of crystal field influence. The 4f-electron of lanthanides is more or less protected from the influence of lattice by polarisation of 5s 2 and 5p 6 closed shells. Crystal field splitting effect in lanthanide ion is small, i.e., 200-300 cm -1 in most cases.
Hypersensitivity is observed in the absorption spectra of lanthanide trihalides in gaseous state having Dnh symmetry [35] . Jorgenson and Judd [36, 37] considered the phenomena of hypersensitivity and concluded that all such transitions obeyed selection rules.
Among the 4f-4f transitions of Nd(III) viz., 4 I9/2 → 4 G7/2, 4 I9/2 → 4 G5/2 , 4 I9/2 → 4 F7/2 , 4 I9/2 → 4 F5/2 ; 4 I9/2 → 4 F3/2, 4 I9/2 → 4 G5/2 and 4 G7/2 obey the selection rule and as a result, they are considered as hypersensitive transitions while others as non-hypersensitive transitions. But through experimental studies, such non-hypersensitive transitions are found to be quite sensitive towards even minor changes in the co-ordination environment around lanthanide induced by design, density, chelating capability and coordinating power of donor sites of ligand and referred these transitions as pseudo-hypersensitive transitions, correlating with the coordination number of lanthanide ions. It is quite challenging to note that the present study is carried out only in solution state because when we focus on human metabolism and role of Ca(II) as well as guanosine and guanosine triphosphate (GTP), the most valid information can be gathered from studies particularly involving the solution state. Table 1 showing significant variations. These changes provide evidence of ligand involvement (guanosine/GTP) in the inner sphere co-ordination of Nd(III).
Observations from the tables are supported by comparative absorption spectra shown in Figs. 1 and 2 , where there is significant change when Nd(III) interacts with guanosine/GTP in solution. Comparative absorption spectra of Nd(III), Nd(III): guanosine and Nd(III): guanosine: Ca(II) in DMF vividly shows that addition of guanosine to Nd(III) results in enhancement in oscillator strength values of different 4f-4f transitions (Fig. 1) . Consequently, noticeable increase is observed in magnitudes of Judd Ofelt Tλ (λ =2,4,6) parameters where T4 is neglected because of its -ve value. Such increase in values of oscillator strengths and Tλ-parameters is more when Ca(II) is added to Nd(III): guanosine. This is due to the involvement of Ca(II) to other ligating site of guanosine. Same observation is made when guanosine is replaced by GTP as shown in Fig. 2 . In our series of studies, intensity of 4f-4f transitions showed substantial increase with time (Table 2) , hence absorption spectral analysis of these transitions can be used to explore the kinetics of complexes formed. Comparative absorption spectra of Nd(III): guanosine: Ca(II) at different time intervals on five different temperatures viz., 298 K, 303 K, 308 K, 313 K and 318 K respectively, was analysed as shown in Fig. 3 at 298 K. Plots of oscillator strength of 4 I9/2→ 4 G5/2 transition of Nd(III) complex formation versus time (in hr) at each temperature was recorded as shown in Fig. 4 .
Observed values of rate constant (k) were evaluated in terms of complex formed during the progress of reaction from tables shown above. Consequently, activation energy (Ea), rate constant (k), ΔH°, ΔS° and ΔG° of complexation of Nd (III): guanosine with Ca (II) in DMF has been evaluated. Values of rate constants at different temperatures i.e., 298 K, 303 K, 308 K, 313 K and 318 K are given in Table 3 . Activation energy (Ea) and thermodynamic parameters are evaluated from Van't Hoff 's plot of ln K against 1/T (Fig. 5) . Kinetic studies of Nd (III): GTP with Ca(II) ions in DMF medium have been studied through same approach following the evaluation of thermodynamic parameters as shown in Table 4 . 
Conclusion
From the present systematic investigation, it has been found that 4f-4f transition spectra can study the nature of binding of Nd (III) with biologically important ligands, Guanosine and GTP alongwith Ca(II) during their complexation. Increased values of oscillator strength (P) and Judd Ofelt parameters Tλ (λ= 2, 4, 6) shows strong binding of metal ion Nd(III) with Guanosine and GTP. From kinetic analysis of their complexation, it has been clearly seen that rate increases with increase in temperature, for which values of activation energy are evaluated. -ve values of ΔG° signifies that reaction is favoured in solution. The +ve values of enthalpy change ΔH° and entropy change ΔS° indicates that complexation reaction is endothermic as well as entropy increasing process. Since TΔS o > ΔH o , the co-ordination reaction is entropy-driven spontaneous process.
